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ABSTRACT
The method p ro posed  i n  r e f .  [1] h a s  been t e s t e d  experim en­
t a l l y  b o th  on m onochrom atic p o s i t r o n  beam t r a v e r s in g  a  heavy l i q u i d  
bubb le  cham ber and on "y r a y s  produced i n  h ig h  e n e rg y  i n t e r a c t i o n  
o f K* m esons w ith  th e  n u c le i  o f  a heavy l i q u i d  b u b b le  cham ber.
РЕЗЮМЕ
Метод» предложенный в работе [ I ] ,  был проверен экспериментально 
с помощью пузырьковой камеры, наполненной тяжелой жидкостью, облученной 
монохроматическим позитронным пучком, а также с помощью гамма-квантов, 
рожденных в К+ взаимодействиях с ядрами.
KIVONAT
Az [1] munkában j a v a s o l t  módszer k í s é r l e t i  e l l e n ő r z é s é t  v é ­
g e z tü k  e l  nehéz fo ly a d é k k a l  t ö l t ö t t  buborékkam rába b e s u g á r z o t t  po­
z i t r o n  n y a lá b o n  é s  K* m ag -k ö lc sö n h a tá sb an  k e l e t k e z e t t  fo to n o k o n .
1 . INTRODUCTION
In  r e f .  [1] a new m ethod was p ro p o sed  f o r  th e  d e te r m in a t io n  o f 
th e  momentum o f f a s t  e le c t r o n s  b e in g  d e te c te d  in  h eav y  m edia, e . g .  in  
heavy l i q u id  b u b b le  cham ber. I n  t h i s  p a p e r  we p r e s e n t  some e x p e r im e n ta l  
r e s u l t s  o b ta in ed  by  th e  p ro p o sed  m ethod. I n  Sec. 2 we b r i e f l y  r e c a l l  th e  
b a s ic  fo rm u lae  t o  be used and in tro d u c e  an  ap p ro x im a tio n  w hich  f a c i l i ­
t a t e s  c o n s id e ra b ly  th e  a p p l i c a t io n .  S e c . 3 i s  th e n  d ev o ted  to  th e  d e ­
s c r i p t i o n  o f th e  e x p e r im e n ta l  p ro c e d u re  and to  th e  p r e s e n t a t i o n  o f  the 
r e s u l t s .  Some c o n c lu s io n s  on th e  a p p l i c a b i l i t y  o f  o u r  method a r e  a ls o  
drawn i n  S ec . 3»
2 . THE DESCRIPTION OF THE METHOD
As u s u a l  th e  com ponents o f th e  e l e c t r o n ’ s  three-m om entum  to  be 
d e te rm in e d  a re  r e p la c e d  by th e  fo llo w in g  new p a ra m e te rs :  
a /  " d ip ” (X ) ,  i . e .  th e  a n g le  betw een th e  e l e c t r o n ’ s  i n i t i a l  d i r e c t i o n  
and th e  p lan e  p e rp e n d ic u la r  t o  th e  m ag n e tic  f i e l d  B, .we c a l l  i t  /х у /  
p la n e .
b /  "az im u th "  ( ) ,  i . e .  th e  a n g le  b e tw een  th e  p r o je c te d  i n i t i a l  d i r e c ­
t io n  o f  th e  e l e c t r o n  onto  th e  / х у /  p la n e  and th e  x  a x is  ch o sen  a r b i t r a ­
r i l y  i n  t h i s  p la n e .
' с /  » th e  i n i t i a l  c u rv a tu re  o f  the  t r a c k  p r o je c te d  o n to  th e  / х у /
p la n e ,  w hich , when m easured i n  cm“ 1 , i s  co n n ec ted  t o  p , th e  a b so lu te  
v a lu e  o f  th e  e l e c t r o n ’ s t h r e e  momentum th ro u g h  th e  w e ll  known fo rm u la :
2О. звP o ------------- -
р . C O S A
Неге th e  m agnetic  f ie ld ,  s t r e n g t h  sh o u ld  be pu t in  kGauss when p i s  
m easured in  MeV/c.
P a ra m e te r  / а /  can  be e s t im a te d  s e p a r e te ly  w h ils t  th e  e s tim a ­
t i o n  o f  po and Ф i3 made in  th e  same p ro c e d u re , which in tr o d u c e s  
a c o r r e l a t i o n  b e tw een  t h e i r  e s t im a te d  v a lu e s .
2 . 1 . 1 .  ESTIMATION OF THE DIP
For th e  b e a t  e s t im a te  o f X o u r  method y ie ld s  th e  fo llo w in g
v a l u e :
w ith
tgXo = ( / £ 2+4a2 -  b ) / ( 2 a )  ;
Д / 2
6X = о vc o s 2X0 tgXQ b 2+4a2;
a  = s . g Cl) i  * i j
*i * 1 ^  s j  '  zib -  g4 /  s., -  z. д 4Ц Zj = Ьх -  b 2
th
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Where i s  th e  p r o je c te d  a r c le n g th  o f th e  i  m easured p o i n t ,  z^ i t s  
m easured  z - c o o r d in a te ,  and i s  th e  in v e r s e  c o v a r ia n c e  m a tr ix  b e in g  
th e  sum o f two te r m s ,  one r e s u l t i n g  from  th e  Coulomb s c a t t e r i n g ,  the
o th e r  from  th e  m easurem ent e r r o r :
(gU1) i j  " ^ °cb )±j + ( o S L )  = <d± V  •
i s  d is ta n c e  o f  th e  1ъ p o i n t  from th e  e le c t r o n  t r a j e c t o r y  /s e e  
P ig .  1 / -
I t  i s  i n t e r e s t i n g  to  compare e q u . / 2 /  w ith  th e  r e s u l t  o f  the 
c l a s s i c a l  m ethods [ 2 , 3]  :
-  3  -
tgx0 = a / b i
6 X Q  => c o a 2\ Ql /Б ^
/3 /
The two r e s u l t s  a re  e q u iv a le n t  p ro v id e d  t h a t  I n  th e  l a t t e r  caee one r e ­
p la c e s  = <d'L d '> , w here d^ I s  d e f in e d  in  F i g .  1 . H ow ever,
in  p r a c t i c e  one u s u a l ly  u se s
( • * ) „  -  d t  ( * ,  -  О
where XQ i s  th e  r a d i a t i o n  le n g th  o f  th e  l i q u i d  and Sj^  i s  d e f in e d  i n
F ig . 1 . Equ / 4 /  i s  c o r r e c t  in  c a s e  o f  equ . / 2 /  b u t i t s  u s e  in tr o d u c e  an
a p p ro x im a tio n /a t  l e a s t  i n  p r i n c i p l e /  f o r  v a lu e s  o b ta in e d  by  equ . / 3 / .  
C le a r ly ,  t h i s  a p p ro x im a tio n  i s  b e t t e r  when ap p ro ch es  to  z e ro , w here
eq u . / 2 /  and / 3 /  c o in c id e .  A lso , i f  >> о , , th e  two m ethods g iv e
p r a c t i c a l l y  th e  same r e s u l t s .
42 . 2 .  E s t im a tio n  o f P q  and Ф.
T hese  p a ra m e te rs  a re  e s t im a te d  u s in g  th e  maximum l ik e l ih o o d  
m ethod w ith  th e  l ik e l ih o o d  f u n c t io n :
± ( ро'Ф) = f e x p |"  1  П± [аСв)] g f p  Пj [a ( s ) ] . f  [ a ( s ) ]  Л  [a f s )]  ,P
w h e r e
/ 5 /
y i  ” YiCaCs)] *
.m b e in g  th e  m easured у - c o o r d in a te  and
У i 5 УW  ‘  Í
s i
1 dT s i n
'T
f  po e a ( t ) d t  + ф
Jо JО
/ 6
i s  th e  so c a l l e d  Coulomb mean, d e te rm in e d  by  th e  c o n tin u o u s ly  v a ry in g  
io n i s a t i o n  l o s s  and by  th e  random ly  v a ry in g  b re m s s tra h lu n g  lo s s .
Po exp [ a ( t )] d e s c r ib e s  th e  v a r i a t i o n  o f  th e  c u rv a tu re  and f o r  a
moment we to o k  in to  a c c o u n t o n ly  th e  e f f e c t  o f  b re m s s tra h lu n g  due to  
w hich  th e  i n i t i a l  e n e rg y , E0 o f th e  e le c t r o n  i s  abso rbed  b y  an a b s o r b -  
t l o n  c o e f f i c i e n t  « and becom es:
E ( t )  = E е - а ^ - я й  p = c s t . p “ 1 e
i s  th e  e l e c t r o n ’ s i n i t i o l  momentum
O f co u rse  = 0 and t  i s  a  m onotonously  in c r e a s in g  f u n c t io n .
The in te g ra n d  o f  equ. / 5 /  i s  thus f a c t o r i s e d ,  th e  f i r s t  f a c t o r  
g iv in g  th e  p r o b a b i l i t y  t h a t  y® ’ s  a re  o b se rv e d  once s  i s  g iv e n , 
th e  second f a c t o r ,  on th e  o th e r  h a n d , s ta n d s  f o r  the  p r o b a b i l i t y  o f  a 
p a r t i c u l a r  t r a j e c t o r y .  The l i k e l ih o o d  f u n c t io n  i s  th e n  o b ta in e d  by 
summing o v e r  a l l  p o s s ib le  t r a j e c t o r i e s ,  t h i s  i s  meant by  th e  symbol
As b e fo re ,
N ext we make th e  fo l lo w in g  a p p ro x im a tio n :
-  5  -
/ 7 /
The l a s t  f a c t o r  i s  known to  be  [ 4 ]
b s - 1  
О ot
/ 8 /
w it h b 1
Xo  ln 2
and aо a
s Q b e in g  th e  maximum t r a c k le n g th .
5 ( s )  i s  a w e l l  d e f in e d  t r a j e c t o r y ,  i n  our a p p ro x im a tio n  a  s t r a i g h t  
l i n e :
“(s) s “o f  ' /9/
О
T his a p p ro x im a tio n  i s  n e c e s s a ry ,  s in c e  th e  c a l c u l a t i o n  of th e  
o r i g i n a l  i n t e g r a l  ( 5 ) can n o t be c a r r i e d  ou t a n a l i t i c a l l y  and  th e  numer­
i c a l  c a l c u l a t i o n  u s u a l ly  r e q u i r e s  c o n s id e ra b le  com pu ter t im e .  On the  
o th e r  hand th e  p a r a m e t r i s a t io n  o f a ( s )  w ith  o n ly  one p a ra m e te r  ( c . f .  
eq u . / 9 / )  i s  j u s t i f i e d  in  c a s e s ,  w here onüy few p o in ts  a re  m easured on 
th e  t r a c k s ,  and th u s  th e  m easured c o o rd in a te s  do  n o t c a r r y  enough i n ­
fo rm a tio n  on a ( s ) .  M oreover, as c a n  be e a s i l y  seen  u s in g  th e  p ro b a ­
b i l i t y  f u n c t io n  / 8/ ,  ä ( s )  ( f u n c t io n  / 9/ )  i s  th e  mean o f  a l l  t r a j e c ­
t o r i e s  o i(s ) .
S u b s t i t u t i n g  e q u ./ 8/  and / 9 /  in to  eq u . / 7 / ,  and t a k in g  in to  
a c c o u n t in  f i r s t  o rd e r  th e  d e fo rm a tio n  o f  th e  t r a j e c t o r y  d u e  to  th e  io n ­
i s a t i o n  lo s s ,  we g e t
w here
-  6 -
t As± ü£ii lcos(*-{)[siCt)Jíe + sln(*-S)[ci(t)]«e f + 6^(slí>o)3
_ po s o . “o 2 . 2dw i t h  e = _ _  ,  л -  —  ; к =  Ö 3 5
о о
d b e in g  th e  d e n s i ty  o f  the  l i q u i d ,  and
Si ( t ) = I  S iS ^ -d t ; C i ( t )  -  I  d t  .
The b e s t  e s t im a te s  o f  p and ф a re  th e  s o lu t io n s  o f  theо
system  o f  e q u a t io n s :
3PX 3PX _  3P±
3 ^  = Эф“  " 3 ^  ~ °  • / U /
In s p e c t in g  equ . / 3 0 /  one can how ever r e c o g n is e  t h a t  th e  maximum l i k e l i ­
hood m ethod can o n ly  be a p p l ie d ,  when
s o > F~ '  /1 2 /о
i . e .  when th e  t r a c k  le n g th  i s  lo n g  enough. S ince  i n  many p r a c t i c a l  c a s e s  
c o n d i t io n  / 12/  i s  n o t  f u l f i l l e d ,  we e la b o r a te d  two m ethods f o r  th e  c ase
So < IT  ‘
О
i /  The f i r s t  method can  be a p p l i e d ,  i f  t h e r e  a re  s u f f ic ie n t  p o i n t s  on 
th e  t r a c k  in  o rd e r  t o  c a r ry  in fo rm a tio n  f o r  th e  t r u e  v a lu e  o f  aQ 
The e x p re s s io n  " s u f f i c i e n t "  h a s  a  very  q u a l i t a t i v e  m eaning d ep en d in g  
on th e  l i q u i d ,  th e  d i s t r i b u t i o n  o f  the  p o i n t s  on th e  t r a c k ,  e t c .  In  
p r a c t i c e  th e  method i s  not a p p l ic a b le  w i th  l e s s  th a n  s i x  m easured p o in ts .
I f  th e r e  a r e  enough p o in ts ,  f o r  some f ix e d  v a lu e s  o f  aQ 
one r e s o lv e s  th e  s y s te m  of e q u a t io n s
эр.
ü l
Эф о / 1 3 /
-  7  -
The o b ta in e d  s o lu t io n s  have to  be w e ig h ted  by e x p |-  j  x 
ni ( ao ' po ' * ) g i  j nj  ( “o '  p0 ' ♦ ) ]  ' th e  P r o b a b i l i ty  o f  th e
" f i t ” , m u ltip lied  by th e  p r o b a b i l i t y  á  p r i o r i  o f  th e  p a ra m e te rs  [5 ] ,  
u s u a l ly  by я  /  «0 , s Q/ .  The b e s t  e s t im a te  of th e  p a ra m e te rs ,
P0 , ♦. 0.o i s  t h e i r  av erag e  w eigh ted  in  t h i s  way.
i i /  On th e  o th e r  hand, i f  th e  m easured p o in ts  do no t c o n ta in  in fo rm a tio n  
on aQ / e . g .  t h e i r  number i s  not s u f f i c i e n t /  th e  f i r s t  f a c t o r  o f  th e  
w e ig h t i . e .  th e  p r o b a b i l i t y  o f  th e  f i t  d oes n o t depend on aQ , and 
th e  w eigh ted  a v e rag e  tu r n s  o u t to  be a lw ays th e  same f o r  a l l  t r a c k s .  In  
many c a se s  t h i s  can g iv e  r i s e  to  a  s y s te m a tic  b i a s ,  e .g .  to  a  s y s te m a tic  
o v e re s tim a te  o f  th e  e l e c t r o n  en e rg y , a s  can be e a s i l y  p ro v e d . T h e re fo re  
in  t h i s  case  / p r a c t i c a l l y  alw ays when th e  number o f  m easured p o in ts  i s  
l e s s  th an  s ix  / ,w e  p ro p o se  to  choose aQ random ly a c c o rd in g  to  d i s ­
t r i b u t i o n  (8 )  and to  s o lv e  e q s . / 13/  w ith  t h i s  v a lu e .
T h is p ro c e d u re  c l e a r l y  in c r e a s e s  th e  e r r o r  o f  th e  p a ra m e te rs  
/ i n  th e  case  o f  g a u s s ia n  d i s t r i b u t i o n  th e  e r r o r  becomes /2*  tim es  l a r ­
g e r / ,  b u t a v o id s  s y s te m a tic  b ia s e s .
The e r r o r s  on th e  p a ra m e te rs  c o n s i s t  o f  two te rm s , th e  f i r s t  
b e in g  th e  u s u a l  one o b ta in e d  a t  f ix e d  aQ from  th e  maximum l ik e l ih o o d  
m ethod, th e  second  i s  due to  th e  f l u c t u a t i o n  o f  aQ »
6p =
where
(Да0 ) 2 = | w( a i )  w(a2 ) ^ ( a - a ^ - a 2 ) a 2 da^ do^ da . / 1 5 /
T h is  l a s t  i n t e g r a l  i s  b e s t  to  c a lc u la te  by Monte C arlo  m ethod. The r e ­
s u l t  i s  quo ted  in  T ab le  1 :
-  8 -
T able 1
a 0 . 0 .2 0 .4 0 .6 0 .8 1 .0 1 .2 1 .4 1 .6 1 .8
(Act) 2 0 . 0 .24 0 .6 8 1.13 1 .6 8 2 .2 3 2 .4 6 2 .7 6 3 .0 2 3-47
3 . EXPERIMENTAL RESULT
3 .1  T es t on a m onochrom atic p o s i t r o n  beam
In  o rd e r  to  v e r i f y  e le c t r o n  p rog ram s, D .M o re ile t  h as  i n i t i a t e d  
th e  i r r a d i a t i o n  o f th e  heavy l i q u id  bub b le  cham ber BP3 a t  S a c la y  by a 
m onochrom atic p o s i t r o n  beam o f momentum /4 6 4  -  1 5 / MeV/ с .  The beam mo­
mentum was c a l i b r a t e d  by m easuring  s to p p in g  p ro to n s  in s id e  th e  cham ber, 
w hich had th e  same momentum as  th e  p o s i t r o n s  a t  th e  e n tr a n c e .  The r a d ia ­
t i o n  le n g th  o f th e  l i q u id  was 18 cm.
Each p o s i t r o n  t r a j e c t o r y  was th e n  m easured in  12 p o in t s  d i s t r i ­
b u ted  u n ifo rm ly  from  th e  b e g in n in g  o f th e  t r a c k  u n t i l  t h a t  i t  r o ta te d  
more th a n  6 0 ° . In  80% o f th e  t r a c k s  th e  t o t a l  m easured le n g th  f u l f i l l e d  
th e  c o n d it io n  b s Q > 1 . I f  n o t ,  we were p r a c t i c a l l y  alw ays l e f t  w ith  
more th a n  6 p o in t s ,  so we used method i / .
In  F ig .2 th e  c a lc u la te d  momentum d i s t r i b u t i o n  can be se e n .
F ig . 2
-  9 -
The s l a s h  in d ic a te s  the  t r u e  e n e rg y . E ven ts  tow ards lo w e r e n e rg ie s  a re  
m ain ly  due to  p o s i t r o n s  which have l o s t  en e rg y  a t  th e  e n tra n c e  /b e f o r e  
th e  f i r s t  m easured p o i n t / .  On th e  o th e r  han d , th e  lo n g  t a i l  tow ards 
h ig h e r  e n e rg ie s  i s  p a r t l y  a  consequence o f o u r p ro c e d u re , w hich in  f a c t  
g iv e s  e s t im a tio n  on 1 /p  in s te a d  o f p . T h is  can be v e r i f i e d  on th e  1 /p  
d i s t r i b u t i o n  / F i g .  3 / ,  which i s  in  f a c t  n e a r e r  to  a  g a u s s ia n  one.
F ig .  3
T h e re fo re , in  o rd e r  to  e s t im a te  th e  a v e rag e  r e l a t i v e  e r r o r  o f o u r momen­
tum d e te rm in a t io n  we used th e  h a l f  w id th  o f  th e  1 /p  d i s t r i b u t i o n :
In  F ig . 4 we p lo t  th e  d i s t r i b u t i o n  o f  th e  r e l a t i v e  e r r o r  c a lc u ­
la te d  f o r  each in d iv id u a l  p o s i t r o n .  T h is e s t im a t io n  з е е т з  to  be c o r r e c t  
in  com paring i t  w ith  th e  av e rag e  v a lu e  g iv e n  above.
- l ó ­
i i g .  4
3 .2  T ea t on тт° p ro d u c tio n
As a  second  t e s t  o f  o u r  e le c t r o n  p rogram  we used  у - r a y s  
from  th e  K* N X* N* ir+ тг” ir° r e a c t io n  s tu d ie d  in  th e  CEEN
1 m heavy l i q u id  b u b b le  cham ber C6]• The l i q u i d  co m p o sitio n  was 60%
IJg and 4Q% C i^B r w ith  r a d i a t i o n  le n g th  25 cm and d e n s i ty  0 ,8 3  g /cm ^. 
The e v e n ts  were ta k e n  i f  two and o n ly  two у r a y s  were see n  a s s o c ia te d  
w ith  a  3 -p ro n g  i n t e r a c t i o n .
S in ce  th e s e  two p h o to n s  were p ro duced  w ith  a  h ig h  p r o b a b i l i t y
in  a tt°  d ecay , o u r f i r s t  aim was a t  th e  r e c o n s t r u c t io n  o f  th e
two pho ton  in v a r i a n t  mass d i s t r i b u t i o n .
The number o f  th e  m easured p o in ts  on th e  e le c t r o n  and p o s i t r o n
t r a j e c t o r i e s  v a r ie d  from  3 to  lo  /T a b le  2 / .  We have ta k e n  th e  p o in ts
on th e  t r a c k  u n t i l  t h a t  i t  has n o t been  cu rv ed  more th a n  6 0 ° .
Tabló 2
Number o f 
p o in ts  on 
t r a c k s
3 4 5
" T..........
6 7 8 9 lo 1
Number o f  
t r a c k s
231 351 53 163 62 25 76 77 lo44
.For 3 p o in t  t r a c k s  th e  momentum was d e te rm in ed  by c a l c u l a t i n g  
th e  ra d iu s  o f a  c i r c l e  c o n n e c tin g  th e  3 p o in ts  and th e n  s im p ly  c o r r e c t ­
ing i t  f o r  b re m ss tra h lu n g  and io n i s a t i o n  l o s s .  A lmost in  e v e ry  c a s e , 
w here b s o tu rn e d  ou t to  be s m a l le r  th a n  1 / i n  6358 o f th e  t r a c k s / ,  we 
a p p lie d  o u r method i i /  i . e .  we have chosen  aQ random ly . The e f f e c ­
t i v e  mass d i s t r i b u t i o n  o b ta in e d  in  t h i s  way i s  shown in  F i g .5 . The tt°
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peak  i s  lo c a te d  on th e  c o r r e c t  p la c e .  The background to  th e  peak  con­
s i s t s  m a in ly  o f  e v e n ts ,  where th e  y ’ s were n o t p ro d u ced  in  a  s in g le  
d e ca y .
F o r th e  sake  o f com parison  in  F ig . 6 th e  same e v e n ts  a re  shown,
F ig .  6
w here in  th e  c ase  o f  b s Q < 1 we a p p lie d  method i / .  The av erag e  e r ­
r o r  seems to  be s l i g h t l y  l e s s  b u t  th e  peak  i s  s l i g h t l y  s h i f t e d
tow ards h ig h e r  e n e r g ie s ,  j u s t  as  e x p e c te d .
The same m a te r ia l  e n ab led  us to  v e r i f y  o u r e s t im a t io n  co n ce r­
n in g  Ф as  w e l l .  Namely, we c o u ld  compare th e  c a lc u la te d  d i r e c t i o n
o f e v e ry  Y ra y  w ith  t h a t  o b ta in e d  by th e  m easurem ent o f  th e  i n t e r ­
a c t io n  p o in t  / t h e  o r ig in  o f th e  у r a y s /  and th e  у r a y  v e r t e x .  S in ce  
th e  m easurem ent e r r o r  o f  th e  c o o rd in a te s  in  q u e s t io n  i s  u s u a l ly  s m a ll ,  
th e  d i r e c t i o n  d e te rm in e d  by th e  i n t e r a c t i o n  p o in t  and th e  у v e r te x  
can  be c o n s id e re d  as  " t r u e " .  In  F ig . 7 we p l o t  th e  d i s t r i b u t i o n  o f th e
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q u a n t i ty
F i g .  7
. " t r u e "  .m easured 
A , = -it-------------------------------
where о^ i s  th e  e s t im a te d  m easurem ent e r r o r .  I f  th e  e s t im a t io n  i s
c o r r e c t ,  th e  q u a n t i ty  A^  sh o u ld  have a  g a u s s ia n  d i s t r i b u t i o n  o f  u n i t  
h a l f w id th .  The observed d i s t r i b u t i o n  f u l f i l e  t h i s  c r i t e r i o n  f a i r l y  w e l l .
We have o b ta in e d  a  s im i l a r  d i s t r i b u t i o n  f o r  th e  d ip ,  A •
As a  l a s t  s t e p  we com pare o u r d ip  e s t im a t io n  /e q u  / 2 /  /w i th  
th e  c l a s s i c a l  one /e q u  / 3 /  /  i n  F ig . 8 . No s i g n i f i c a n t  d i f f e r e n c e  can 
be o b se rv e d , w hich i s  e x p la in e d  m ain ly  by th e  f a c t ,  t h a t  the  m easure­
ment e r r o r s  of th e  z - c o o r d in a te s  a re  r a t h e r  b ig .
-  14 -
F ig . 8
In  c o n c lu s io n  l e t  us summarize th e  r e s u l t s  o f o u r experim en­
t a l  v e r i f i c a t i o n .  Our d i r e c t i o n  e s t im a t io n  seems to  be c o r r e c t .  The 
av erag e  r e l a t i v e  e r r o r  o f  th e  en erg y  e s t im a t io n  i s  27% in  a  l iq u id  o f 
18 cm r a d i a t i o n  le n g th .  /The c o rre sp o n d in g  v a lu e  o b ta in e d  by th e  
SPIRAL method [1] i s  v e ry  n e a r  to  t h i s  o n e / .  B esid e  th e s e  f a c t s  we 
sh o u ld  l i k e  to  p o in t  o u t th e  s p e c ia l  v i r t u e  o f  o u r method m ain ly  o f 
p r a c t i c a l  use» i t  r e j e c t s  a v e ry  few p e r  c e n t  / i n  g e n e ra l  1- 2%/ o f 
t r a c k s  as  u n e s tim a b le .
In  o u r o p in io n  th e  main p a r t  o f  u n c e r ta in ty  in  o u r  en erg y  
e s t im a t io n  i s  due to  th e  a p p ro x im a tio n  made i n  d e r iv in g  equ /7 /»  T here­
fo r e  we have t ry e d  to  app rox im ate  b e t t e r  th e  a c tu a l  t r a j e c t o r y  a s 
th a n  w ith  a l i n e a r  one by in tr o d u c in g  more p a ra m e te rs .  However, imme-
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d i a t e l y  we were fa c e d  w ith  two d i f f i c u l t i e s :  1 . The new pocedure  re q u ­
ires more measured p o in ts  on th e  t r a c k ,  and 2 .  an o rd e r  o f  m agnitude 
more com puter tim e . So i t  can n o t be used  when a g r e a t  number o f  e v e n ts  
has to  be t r e a t e d .
I  shou ld  l i k e  to  e x p re s s  my deep  g r a t i t u d e  to  P r o f .  A. 
L a g a rr ig u e  f o r  h is  warm h o s p i t a l i t y  a t  th e  O rsay  L a b o ra to ire  de 1* 
A c c é lé r a te u r  L in é a i r e ,  where a  p a r t  o f  t h i s  work was c a r r i e d  o u t .  I  
am in d e b te d  to  D r. D. M o re i le t ,  who k in d ly  l e n t  me th e  e x p e r im e n ­
t a l  m a te r ia l  on p o s i t r o n  t r a c k s  and th u s  e n a b le d  me to  c a r ry  ou t a 
v e r i f i c a t i o n  o f th e  p roposed  m ethod. I  am a l s o  in d e b te d  to  him f o r  u se ­
f u l  d i s c u s s io n s .  A second  v e r i f i c a t i o n  o f  th e  method was c a r r ie d  ou t 
on an experim ental m a te r ia l  k in d ly  send me by R. A rno ld , w hich i s  g r e a t ­
l y  aknotflodged.
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